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O ! Abstract 

Y ■ The proton structure function F2(x, Q^) is measured in inelastic QED Compton scattering 

Qh! using data collected with the HI detector at HERA. QED Compton events are used to access 

^ I the kinematic range of very low virtualities of the exchanged photon, Q^, down to 0.5 GeV^, 

and Bjorken x up to ~0.06, a region which has not been covered previously by inclusive 

measurements at HERA. The results are in agreement with the measurements from fixed 

rS ' tai^get lepton-nucleon scattering experiments. 
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1 Introduction 

Measurements of deep inelastic lepton-nucleon scattering (DIS) provide information which is 
crucial to our understanding of proton structure and which has played a decisive role in the 
development of the theory of strong interactions, Quantum Chromodynamics (QCD). Since 
the discovery of Bjorken scaling yj] and its violation M\ at fixed target experiments, much 
progress has been made in extending the kinematic range of measurements in terms of the 
Bjorken variable x and the modulus of four-momentum transfer squared Q^. The HI and ZEUS 
experiments at the HERA ep collider have shown that the Q^ evolution of the proton structure 
function Fi(x,Q^) is well described by perturbative QCD (pQCD) throughout a wide range in 
X and Q^ BJ-la]- However, at small Q^, where the transition takes place into a region in which 
non-perturbative effects dominate, pQCD is no longer applicable. The data in this region ||7||s|] 
are described by phenomenological models such as those derived from the Regge approach. 

In order to study this non-perturbative regime, the structure function Fj has been measured 
in ep scattering at HERA for very low values of Q^ using a detector mounted close to the 
outgoing electron' beam direction ||s|]. The transition region around Q^ ~ 1 GeV^ has been 
investigated using data taken in dedicated runs with the interaction vertex shifted lIS^. In this 
paper a new complementar y rn easurement of Fi in this kinematic domain is presented, which, 
following the discussion in llioll . utilises ep data with wide angle hard photon radiation, so called 
QED Compton events. 

The data used in this analysis correspond to a luminosity of 9.25 pb~' and cover the kine- 
matic range of Q^ between 0.5 and 7 GeV^. As compared with previous HERA analyses, the 
range of Bjorken x is significantly extended towards rather large values, between 0.001 and 
0.06. This is achieved by introducing a detailed simulation of the hadronic final state at low 
masses W which includes the resonance region, and through an improved understanding of 
calorimeter noise. 



2 QED Compton Scattering Cross Section 

Radiative processes in ep scattering, as depicted in Fig.[ll are of special interest, since the 
photon emission from the lepton line gives rise to event kinematics which open new ways of in- 
vestigating proton structure ll9l- ll5ll . In the present analysis the QED Compton (QEDC) process 
is considered, which is characterised by low virtuality of the exchanged photon and high virtu- 
ality of the exchanged electron. The experimental signature is an approximately back-to-back 
azimuthal configuration of the outgoing electron and photon. In this configuration it is possible 
to reconstruct the event kinematics for cases where the exchanged photon virtuality Q^ is very 
small. 

To describe the process ep -^ eyX the standard Lorentz-invariant kinematic variables x and 
Q^ have to be defined in a manner which accounts for the additional photon in the final state: 

Q^ = -q^ = -{l-l' -kf , x= . (1) 



'The generic name "electron" is used to denote both electrons and positrons. 





Figure 1: Lowest order Feynman diagrams for the radiative process ep -^ eyX with photon 
emission from the electron line. Here I and P represent the four-momenta of the incoming 
electron and the incoming proton, while I' , k and X are the four-momenta of the scattered 
electron, the radiated photon and the hadronic final state, respectively. 

Here / and P are the four-momenta of the incoming electron and the incoming proton, while /' 
and k represent the four-momenta of the scattered electron and the radiated photon, respectively 
(Fig. IB- These variables can also be calculated in the usual way using the four-momentum of the 
hadronic final state. Neglecting the particle masses, the inelasticity y used for the data treatment 
can be obtained from the relation Q^ = xys, where s = {I + P)^ is the ep centre-of-mass energy 
squared. 

A complete calculation of the QEDC scattering cross section can be found in 1I16I1 . Depend- 
ing on the value of the invariant mass of the hadronic final state, W = [Q^{1 - x)/x + m^] 2 , nip 
being the proton mass, three separate contributions to the cross section are considered: 

1. Elastic scattering, in which the proton stays intact (W = nip). The cross section is 
calculated from the electric and magnetic form factors of the proton; 

2. Resonance production, where the total mass of the hadronic final state X lies in the range 
mp<W <2 GeV; 

3. Continuum inelastic scattering at W^ > 2 GeV. In this region the cross section is defined 
through the proton structure functions F2 and Fl- 

The dependence on the longitudinal structure function Fi can be neglected in the kinematic 
range studied in the present analysis, such that the cross section is proportional to F2. The 
continuum inelastic QEDC events are thus used to determine the structure function F2{x, Q^). 



3 Experimental Technique 

The analysed events were recorded with the HI detector lll7ll . which consists of a number of 
subdetectors designed to perform complementary measurements of particles created in high en- 
ergy ep collisions. The outgoing electron and photon in QEDC events are selected by requiring 



two energy depositions (clusters) in the electromagnetic section of the backward^ lead-fibre 
calorimeter SpaCal 111 811 . The SpaCal covers the polar angle range of 153° < 6 < 177° and 
has an electromagnetic energy resolution of cte/E = 7%/ s/E/GeV ffi 1%. The final calibration 
of the electron and photon cluster ener gies is p erformed using the double angle reconstruction 
method d] with elastic QEDC events 1l3E(i . 

The interaction vertex, necessary for polar angle reconstruction, is determined from the 
intersection of the beam axis with an electron track segment reconstructed in the backward 
region of the detector. In addition to the electron, the final state photon can also leave a track, 
if it converts into an electron-positron pair while traversing the tracking chambers. In events 
in which the electron or the convertedphoton is scattered into the inner part of the SpaCal, 
the Backward Silicon Tracker (BST) 112 ill is used to reconstruct the vertex position. The EST 
has an angular coverage of 171.5° < 6 < 176.5° and a 6 resolution of 0.3mrad. For polar 



angles 6 < 172° outside the BST acceptance the Central Inner Proportional Chamber (CIP) Ill7ll 



is employed in conjunction with the Backward Drift Chamber (BDC) 112211 or the SpaCal to 
determine the vertex coordinates. The BDC is situated in front of the SpaCal and covers a 
similar angular range. The polar angle resolution for this method of track reconstruction varies 
between 1 .3 and 2 mrad. 

For the reconstruction of the kinematic variables Q^, x and y it is not necessary to distinguish 
experimentally between the outgoing electron and photon, since the four-momenta of the two 
particles appear symmetrically in eq. ([T]). However, at least one of the particles is required 
to leave a signal in the tracking chambers BST or CIP, in order to determine the interaction 
vertex coordinates. If both particles produce tracks, the vertex reconstructed with the smaller 
uncertainty is chosen. 

The track reconstruction efliciencies are determined using inclusive DIS data and are found 
to be 91% on average for the BST and > 99% for the CIP. Due to photon conversions some of 
the events for which the electron track is not reconstructed remain in the sample. The photon 
conversion rates amount on average to 21% for the BST and 17% for the CIP acceptance range. 

Inelastic QEDC events are distinguished from elastic events by demanding hadronic activ- 
ity in the detector. The hadronic energy flow is measured in the Liquid Argon Calorimeter 
(LAr) nnh covering the angular range 4° < 6 < 153°. Its hadronic energy resolution, as deter- 



mined in test beam measurements ll23ll . is about (Te/E = 50% I ^E/GeV © 2%. 



The luminosity is measured using low angle bremsstrahlung events by tagging the photon 
in a photon detector located at z = -103 m. 

The detector acceptance and background contributions are calculated using Monte Carlo 
simulations, as described in the following sections. The detector response for events generated 
by the MC programs is simulated in detail by a program based on GEANT3 uM- The simulated 
events are subject to the same reconstruction procedure as the data. 



^The z axis of the right-handed coordinate system used by HI is defined by the direction of the incident proton 
beam with the origin at the nominal ep interaction vertex. Consequently, small scattering angles of the final state 
electron and photon correspond to large polar angles in the HI coordinate system. 



4 QEDC Event Simulation 

QEDC events are simulated by the COMPTON Monte Carlo event generator lll6y25ll . which 
incorporates a complete calculation of the leading order QEDC cross section. The program also 
includes higher order corrections for Initial State Radiation in the peaking approximation ll26ll . 
For the investigation of inelastic QEDC events an improved version of the COMPTON genera- 
tor was developed 1I20I1 which includes detailed parameterisations for the resonance (Brasse et 
al. U!W \ and the continuum (ALLM97 112 811 ') regions. For the simulation of the hadronic final 
state the SOPHIA program ll29ll is used in the range of low Q^ (Q^ < 2 GeV^) or low masses W 
(W < 5 GeV). At higher W and higher Q^ the Quark Parton Model with subsequent Lund string 
fragmentation ll30ll is employed. 

The SOPHIA model provides an accurate description of photon-hadron interactions repro- 
ducing a large set of available data ll29ll . The simulation includes the production of the major 
baryon resonances, direct pion production, multiparticle production based on the Dual Parton 



Model 113 ill with subsequent Lund string fragmentation, as well as the difFractive production of 



the light vector mesons p and io. 



5 Background Treatment 

A prominent background to inelastic QEDC scattering arises from inclusive DIS events in which 
one particle from the hadronic final state (typically a ;7r") fakes the outgoing photon. At high 
y, where the hadronic final state lies mostly in the backward region, this process dominates the 
QEDC signature, hampering a clean QEDC event selection. For this reason the measurement 
is restricted to relatively low y values (see Sect.|6l). Remaining background from inclusive DIS 



events is modelled using the DJANGO MC generator ||32|]. This includes LEPTO ||33|] and ARI 



ADNE llSJ for the hard interaction and higher order QCD effects, as well as HERACLES ||35|] 
for the calculation of leading order QED radiative corrections. In order to avoid double count- 
ing, DJANGO events with hard photons emitted from the lepton line are excluded from the 
analysis if they fall into the phase space covered by the COMPTON generator. 

A priori it cannot be expected that the specific non-perturbative process of isolated (pseudo-) 
scalar meson production is correctly simulated by an inclusive event generator. Therefore a 
dedicated study of the DIS background was performed in which the inelastic QEDC selection is 
extended to events with three electromagnetic SpaCal clusters. One cluster is associated to the 
scattered electron by matching it to a BST or CIP track segment. Decays of the pseudoscalar 
mesons :7r" or rj into two photons^ are selected using the invariant mass of the two other clusters. 
In this study DJANGO is found to provide a reasonable description of events containing ;r" or 
rj mesons. The DIS background is estimated to contribute up to 12% to the total cross section 
with a systematic uncertainty of 50% of the contribution. 

Another source of significant background is Deeply Virtual Compton Scattering (DVCS), 
in which the final state photon is diffractively produced in the virtual photon proton collision. 

''The 77 contribution to the background is small. It is used for this study due to the larger opening angles between 
the photons in the rj ^> yy decays, compared with the jfi decays. 



DVCS and QEDC are indistinguishable on an event-by-event basis, but differ in the kinematic 
distributions of the outgoing electron and photon. Both processes can be simulated separately, 
as the interference between them does not influence the energy and polar angle distributions of 
the final state particles in the leading twist approximation. 

Elastic DVCS events are simulated by the TINTIN generator ll36ll . The cross section is nor- 



malised to the HI results 113711 . The elastic DVCS channel contributes to the measured inelastic 
QEDC cross section only if noise in the LAr calorimeter is misidentified as hadronic activity. 
The admixture of such events is negligible. 

A sizeable background to the inelastic QEDC cross section arises from proton-dissociative 
DVCS, which has not yet been measured. In order to estimate the size of this background, it is 
assumed that the diff"ractive vertices factorise, such that the ratio of the DVCS cross section with 
proton dissociation to that with an elastically scattered proton can be modelled using the same 
ratio for p° electroproduction 113 811 . This assumption has been checked in 113 611 . The inelastic 
DVCS process is then estimated to contribute 5.5% to the measured cross section and a 100% 
uncertainty is assigned to the resulting background subtraction. 

Further background sources considered are: 

• elastic QEDC events, contaminated by electronic noise in the LAr calorimeter. These 
events contribute - 2% to the measured signal; 

• elastic and inelastic dielectron production, modelled using the GRAPE event genera- 
tor lySD- The contribution varies between 0.5 and 2%; 

• inclusive photoproduction, simulated by the PHOJET program ll40ll . which in particular 
includes the production of the light vector mesons p, co and cp. The contribution is < 0.5%; 

• diffractive electroproduction of light vector mesons as well as diffxactive J/tlr photo- and 
electroproduction, all being simulated by the DIFFVM MC generator 114 ill for both the 
elastic and the proton-dissociative case. Sizeable backgrounds arise from J/i// photopro- 
duction (< 3%) and fromp electroproduction (< 1.5%); 

• two photon resonance production. The contribution of this process is estimated analyti- 
cally employing results from ll42ll and is found to be negligible; 

• beam-induced background, estimated using non-colliding particle bunches. This contri- 
bution is found to be below 0.5%. 



6 Event Selection 

The measurement is performed using e'^p data with a centre-of-mass energy of ^/s = 301 GeV 
The data were recorded in 1997 and correspond to an integrated luminosity of 9.25 pb~^ . 

The analysed events were collected by combining two trigger arrangements. The first selects 
events with two clusters in the electromagnetic part of the SpaCal. This trigger excludes the 
inner region of the SpaCal, as event rates become large at low scattering angles. The event 
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selection based on this trigger is performed only in a fiducial region in which it is fully efficient. 
For the present measurement 59% of the events are collected by this trigger. 

The remaining events were selected using another trigger arrangement, which selects events 
with two clusters in the electromagnetic section of the SpaCal with an azimuthal back-to-back 
topology. Events with significant hadronic activity in the central region of the detector were 
rejected if more than two tracks were found in the Central Jet Chambers lIlTll . The usage of this 
trigger was possible, as in the analysed kinematic domain of low y the final state hadrons are 
produced mostly at small polar angles. 

The trigger efficiencies for both arrangements are determined using independently triggered 
data. The efficiency of the inelastic event selection by the second trigger is evaluated as a 
function of the largest polar angle ©lai of all clusters in the LAr calorimeter which have an 
energy above 0.5 GeV. It falls from 99% at the minimum 0lai possible to 79% at ^LAr = 30°. 

For the event selection in the data analysis the following requirements are imposed: 

• Selection criteria for QED Compton events. The two most energetic clusters in the 
electromagnetic section of the SpaCal are assumed to be produced by the scattered elec- 
tron and the radiated photon. The energy of each cluster must exceed 4 GeV, and the 
sum of both energies must lie between 20 and 30 GeV. The ey acoplanarity defined via 
A = 1 180° - A0|, where A0 is the azimuthal angle between the electron and photon di- 
rections, must be smaller than 45°. Both particles must be found within the acceptance 
region of either the BST or the CIP. The interaction vertex must be reconstructed, as 
described in Sect.|3l within 30 cm in z around the nominal interaction point. 

• Additional selection criteria for the inelastic QEDC sample. At least one particle 
from the hadronic final state has to be detected with energy above 0.5 GeV in the LAr 
calorimeter. The energy deposits below 0.5 GeV are classified as noise. The contribution 
from elastic QEDC events with noise in the LAr calorimeter is further suppressed by 
requiring that the ey acoplanarity must be larger than 2°. This requirement exploits the 
fact that the acoplanarity is typically larger for inelastic events than for elastic events due 
to the different Q^ dependences of the two processes. 

• Background suppression requirements. The residual energy in the electromagnetic sec- 
tion of the SpaCal, given by E^s^ = Etot -E1-E2, where ^tot is the total energy and Ei , E2 
are the energies of the QEDC signal clusters, must be below 1 GeV. This cut suppresses 
DIS, photoproduction, dielectron and vector meson backgrounds. Furthermore, cuts on 
the shower shape estimators of the two SpaCal clusters are imposed 1I20I1 to separate elec- 
trons and photons from hadrons. Finally, the phase space is restricted to i/x < 0.0062 
(see eq. ©) to avoid kinematic regions with large contributions from inclusive DIS back- 
ground. 

A brief summary of all selection criteria is given in Table[ll After the selection 1938 events 
remain in the data sample. 



Table 1: Summary ofQEDC selection criteria, as described in the text. 

Purpose Criterion 

Inelastic QEDC signature E\,E2 > 4GeV 

20 < £1+^2 <30GeV 

2° <A< 45° 

At least one LAr cluster with E > 0.5 GeV 

Izvtxl < 30 cm 

Background rejection Eres < 1 GeV 

Electromagnetic shower shape requirements 
j/s < 0.0062 



7 Event Kinematics and Control Distributions 

The redundancy in the measured event properties permits the reconstruction of the variables Q^, 
X and y either from the kinematics of the scattered electron and radiated photon or from those of 
the hadronic final state. Due to the low y values considered in the present analysis, the variables 
X and y can, however, not be determined solely from the measured electron and photon four- 
momenta, since their resolution deteriorates as 1/i/. Hence for the kinematic reconstruction the 



S-method 114311 is employed, which uses information from the hadronic final state. In addition, 
this method reduces the influence of higher order radiative effects. With the proton beam energy 
Ep as well as the sums E/, = YjtiE - p^)i, where the summation is performed over all hadronic 
final state objects, and Sg^ = (E - p,)e + {E - p^)y, this method yields 

Dy. - -^ — — ^;— , Uy, - — '-, ' -^i - OP V • ^ -' 

2./, + z-ey i - ?/s ^t^p^h 

Here, the longitudinal {p^ and transverse (p,) momenta of the measured particles are calculated 
from their energies {E) and angles neglecting particle masses. As low y values correspond to 
small polar angles of the final state hadrons, one of the main challenges for the analysis is the 
correct reconstruction of Z/, in light of the losses beyond the forward acceptance of the detector. 
This necessitates a good simulation of hadronisation processes at low invariant masses W. 

The quality of the description of the hadronic final state, comprising both the generated 
hadronic distribution and the subsequent simulation of the detector response, is illustrated in 
Fig.EK- The figure shows the ratio of the total transverse momentum of measured hadrons, 
/'f,had5 to the total transverse momentum of the ey system, p,gy. The simulation provides a very 
good description of the data, which is also true for each phase space interval used in the F2 
measurement. Due to losses in the very forward region, outside the acceptance of the LAr 
calorimeter and the cut at 0.5 GeV on the LAr cluster energy, the distribution peaks at values 
smaller than one. However, for the calculation of the kinematic variables with the E-method, 
the total E - p-of the hadrons is used, which is much less sensitive to losses in the beam pipe 
thanpt^had- 
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The control distribution of y^, shown in Fig.|2b, demonstrates the good quality of both 
the hadronic simulation and the cross section description given by the COMPTON program 
down to the lowest y values, even beyond the range used for the measurement. In order to 
compensate the losses of hadronic energy and thus reduce migration effects, a correction is 
applied to the measured y which was determined from the difference between the reconstructed 
and the generated y in simulated events. The correction varies between ~20% on average in the 
lowest y bins and at the highest y values. 

The control distributions in Fig.|2]illustrate the good description of the electron-photon final 
state provided by the simulation. The energies E\, E2 and the polar angles 61, 62 of the electron 
and the photon are shown (the subscripts 1 and 2 correspond to the particle with higher and 
lower energy, respectively), as well as the sum of both energies and the ey acoplanarity. A dip 
in the polar angle distributions at ~172° occurs due to fiducial cuts imposed to ensure a precise 
description of the BST and CIP acceptance. 



8 Results of the Measurement 



In order to extract the structure function F2 the data sample is divided into subsamples corre- 
sponding to a grid in y and Q^. The bin sizes are adapted to the resolution in the measured 
kinematic quantities such that the stability and purity in all bins shown are greater than 30%. 
Here, the stability (purity) is defined as the ratio of the number of simulated QEDC events 
originating from and reconstructed in a specific bin to the number of generated (reconstructed) 
events in the same bin. 

The measured value of the structure function at a given point in Q^ and x = Q^/ys is 
obtained from 

F2(x,Q') = ^''l~^'' Ff^(x,Q'). (3) 

■'Vmc 

Here, A^^data represents the number of selected events corrected for the trigger efficiency (Sect.|6l), 
A^bg is the sum of all background contributions, estimated as described in Sect. |5l A^mc is the 
number of reconstructed events in the COMPTON simulation rescaled to the luminosity of 
the data, and F^"^ is the structure function value given by the parameterisation used in the 
COMPTON simulation. This method takes into account bin-to-bin migration effects, as well as 
bin-centre and higher order radiative corrections. 

Systematic uncertainties are determined by studying the stability of the results under varia- 
tions of the measured energies and angles, selection efficiencies and background normalisations 
as well as modifications of the theoretical input. The following systematic errors are estimated: 

• The uncertainty on the hadron measurement, which takes into account the errors of the 
hadronic final state simulation, detector acceptance and LAr calorimeter energy scale, 
is estimated from the comparison between the data and the simulation in the pt balance 
between the reconstructed hadron and electron-photon final states. The contribution to 
the systematic error varies between 1 and 8%; 
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• A 10% uncertainty on the energy attributed to noise in the LAr calorimeter is estimated 
by studying the quality of the simulation of the energy depositions rejected by the noise 
cut. The contribution to the systematic error varies from 1.5% at the highest y values to 
12.5% at the lowest y; 

• The uncertainty on the SpaCal energy scale, affecting simultaneously the energies of the 
electron and the photon, amounts to 0.5% at £ > 17 GeV and increases linearly towards 
lower energies up to 2.7% at E = 4 GeV. This source yields a 1 - 2% error on the F2 
measurement; 

• The errors on the F2 measurement due to the uncertainties in the electron and photon 
polar angle reconstruction (0.3 - 2.5 mrad) are typically below 1%; 

• The efficiency of the vertex reconstruction is studied using inclusive DIS and elastic 
QEDC events. The corresponding error contribution to the F2 measurement is estimated 
to be 2%; 

• Amongst the errors from the background estimation, described in Sect. |5l the main con- 
tributions arise from inelastic DVCS (5.5%) and inclusive DIS (up to 6%). The errors 
from other contributions are < 1%; 

• The statistical errors from the signal and background Monte Carlo event samples con- 
tribute up to 5.5% uncertainties on the measurement; 

• The luminosity measurement contributes a global 1.5% error; 

• The uncertainties on the trigger efficiencies are all below 0.5%. In total they contribute 
< 1% error to the measurement; 

• The uncertainty due to radiative corrections, as simulated by the COMPTON generator, 
amounts to 2%. 

The statistical errors lie in the range 6 - 10%, while the systematic uncertainties are typically 
9 - 12%, rising to 18% at the lowest y values. The total errors are obtained by adding the 
statistical and systematic errors in quadrature. 

The F2 values measured in QED Compton scattering, as summarised in Table 3 are shown 
in Fig. 5]as a function of x at fixed Q^ and are compared with other HERA ||3||7||8|] and fixed 
target 11441 - 14 611 data. The present analysis extends the kinematic range of HERA measurements 
at low Q^ towards higher x values, thus complementing standard inclusive and shifted vertex 
measurements. The region covered overlaps with the domain of fixed target experiments. The 
QEDC F2 data are consistent with their results. The data are also well described by the ALLM97 
parameterisation ll28ll . 



9 Summary 

The first measurement of the proton structure function F2 using QED Compton scattering at 
HERA is presented. The available range of phase space extends down to Q^ = 0.5 GeV^, in the 
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transition region from DIS to photoproduction. Due to an improved treatment of the hadronic 
final state at small masses W, the measurement extends the low Q^ kinematic domain of HERA 
up to jc ~ 0.06, complementing the analyses of standard inclusive DIS data and data taken with 
the interaction vertex shifted. The results are in good agreement with data from fixed target 
lepton-nucleon scattering experiments. 
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Table 2: Measurements of the proton structure function Fiix, Q^) in QED Compton scattering, 
together with fractional statistical (^stat), systematic (5syst) and total errors (6tot)- The F2 values 
at the points of Q^, x, y are extracted from the event rates measured in the kinematic bins AQ^, 
Ay. 



Q^, GeV 


'- X 


y 


AQ' 


GeV2 Ay 


Fi 


5stat,% 


^syst,% 


5tot,% 


0.5 


0.01578 


0.00035 


0.1- 


1.0 0.00020-0.00062 


0.217 


8.8 


17.9 


19.9 


0.5 


0.00460 


0.00120 


0.1- 


1.0 0.00062-0.00200 


0.243 


6.3 


9.0 


11.0 


0.5 


0.00158 


0.00350 


0.1- 


1.0 0.00200-0.00620 


0.236 


6.7 


11.4 


13.2 


2.0 


0.01841 


0.00120 


1.0- 


3.0 0.00062-0.00200 


0.331 


7.7 


10.0 


12.6 


2.0 


0.00631 


0.00350 


1.0- 


3.0 0.00200-0.00620 


0.356 


6.3 


9.3 


11.2 


7.0 


0.06444 


0.00120 


3.0- 


20.0 0.00062-0.00200 


0.418 


9.9 


14.5 


17.6 


7.0 


0.02209 


0.00350 


3.0- 


20.0 0.00200-0.00620 


0.418 
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8.9 


11.7 
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Figure 2: a) ratio of the total measured transverse momentum ofhadrons to the total transverse 
momentum of the ey system; b) uncorrected y-£ distribution after applying all selection cuts. The 
data are depicted by the closed circles. The solid histogram represents the sum of COMPTON 
MC events and all background contributions. The hatched histogram denotes the sum of all 
background processes. 
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Figure 3: Control distributions for the measured electron and photon in events used for the 
measurement: a) energy of the particle with the higher energy; b) energy of the particle with 
the lower energy; c) sum of both energies; d) ey acoplanarity; e) polar angle of the particle with 
the higher energy and f) polar angle of the particle with the lower energy. The data are depicted 
by the closed circles. The solid histogram represents the sum of COMPTON MC events and all 
background contributions. The hatched histogram denotes the sum of all background processes. 
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Figure 4: F2 measurements from QED Compton scattering by HI (closed circles), compared 
with other measurements at HERA (closed squares l^, open triangles O/ and open circles O/) 
and fixed target experiments (open squares 11441 . open stars l4j|/ and open crosses Ma/ ). The 
inner error bars for the QEDC data represent the statistical errors and the total error bars the 
statistical and systematic errors added in quadrature. The solid line depicts the ALLM97 pa- 
rameterisation (2^7 . The data of the other measurements are shifted to the Q^ values of the 
present measurement using the ALLM97 parameterisation. 
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